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IMAGE FORMING APPARATUS AND
CONVEYANCE CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-
tion No. 2012-264730 filed in Japan on Dec. 3, 2012, Japa-
nese Patent Application No. 2012-264777 filed in Japan on
Dec. 3, 2012 and Japanese Patent Application No. 2012-
264778 filed in Japan on Dec. 3, 2012.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appara-
tus and a conveyance control method.

2. Description of the Related Art

In an electrophotography image forming apparatus, an
intermediate transfer belt to which an image formed by an
image forming unit is transferred is expanded or contracted
due to thermal expansion or contraction caused by the change
in temperature.

In view of'this, in order to form an image at an appropriate
position on a recording sheet, it is necessary to perform image
position correction for correcting the displacement in image
transfer position or conveyance timing correction for correct-
ing the paper conveyance timing in consideration of the
expansion or contraction of the intermediate transfer belt.

In the technique disclosed in Japanese Patent Application
Laid-open No. 2008-76534, based on the timing at which a
first set of the displacement correction pattern is read, the
timing of detecting second and subsequent sets of displace-
ment correction patterns is decided. Therefore, even though
the intermediate transfer belt is expanded or contracted, it is
possible to perform the image position correction by certainly
reading the displacement correction patterns of the second
and subsequent sets.

Further, if a difference from a reference value ofthe time of
detecting the displacement correction pattern is calculated
and the conveyance timing correction is performed based on
the calculated difference, the conveyance control of the
recording sheet in consideration of the expansion and con-
traction of the intermediate transfer belt becomes possible.

In the conventional art as described above, the displace-
ment correction pattern formed in color is used; however,
from the viewpoint of the accuracy of the paper conveyance
timing and the consumption of a developer, the conveyance
timing correction using the displacement correction pattern
formed in color may not be preferable.

The present invention has been made in view of the above
circumstances, and an object is to provide an image forming
apparatus and a conveyance control method, that can increase
the accuracy of the conveyance control of the recording sheet
while the extra consumption of a developer is reduced.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

According to the present invention, there is provided: an
image forming apparatus comprising: a plurality of image
forming units configured to form an image in different colors;
a conveyance mechanism configured to convey a first pattern
formed using at least a first image forming unit among the
image forming units, that forms the image in a first color, and
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2

convey a second pattern formed using a second image form-
ing unit among the image forming units, that forms the image
in a second color; a detection unit configured to detect the first
pattern conveyed by the conveyance mechanism and the sec-
ond pattern conveyed by the conveyance mechanism; and a
control unit configured to control, when a first condition is
satisfied, a timing of conveying a recording sheet to which the
image formed using at least the first image forming unit is
transferred on the basis of a first time required after the
formation of the first pattern and before the detection of the
first pattern by the detection unit, and the control unit config-
ured to control, when a second condition is satisfied, a timing
of conveying the recording sheet to which the image formed
using the second image forming unit is transferred on the
basis of a second time required after the formation of the
second pattern and before the detection of the second pattern
by the detection unit.

The present invention also provides an image forming
apparatus comprising: a plurality of image forming units
configured to form an image in different colors; a conveyance
mechanism configured to convey a first pattern formed using
at least a first image forming unit among the image forming
units, that forms the image in a first color, and convey a
second pattern formed using a second image forming unit
among the image forming units, that forms the image in a
second color; a detection unit configured to detect the first
pattern conveyed by the conveyance mechanism and the sec-
ond pattern conveyed by the conveyance mechanism; a stor-
age unit configured to store a first temperature at the detection
of'the first pattern and a second temperature at the detection of
the second pattern; and a control unit configured to control,
when the first pattern has been previously detected, a timing
of conveying a recording sheet to which the image formed
using at least the first image forming unit is transferred on the
basis of a first time required after the formation of the first
pattern and before the detection of the first pattern by the
detection unit, the first temperature, and a current tempera-
ture, and the control unit configured to control, when the
second pattern has been previously detected, a timing of
conveying the recording sheet to which the image formed
using the second image forming unit is transferred on the
basis of a second time required after the formation of the
second pattern and before the detection of the second pattern
by the detection unit, the second temperature, and the current
temperature.

The present invention also provides an image forming
apparatus comprising: a plurality of image forming units
configured to form an image in different colors; a conveyance
mechanism configured to convey a first pattern formed using
at least a first image forming unit among the image forming
units, that forms the image in a first color, and convey a
second pattern formed using a second image forming unit
among the image forming units, that forms the image in a
second color; a detection unit configured to detect the first
pattern conveyed by the conveyance mechanism and detect-
ing the second pattern conveyed by the conveyance mecha-
nism; a storage unit configured to store therein position
adjustment information representing for which one ofthe first
image and the second image position adjustment on a record-
ing sheet has been performed, a first reference value as a
reference value of a first time required after the image forma-
tion of the first pattern and before the detection of the first
pattern by the detection unit, and a second reference value as
a reference value of a second time required after the image
formation ofthe second pattern and before the detection of the
second pattern by the detection unit; and a control unit con-
figured to control, when the position adjustment information
represents that the position adjustment for the first image on
the recording sheet has been performed, a timing of convey-
ing the recording sheet to which the image formed by the first
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image forming unit is transferred on the basis of the first time
and the first reference value and controlling a timing of con-
veying the recording sheet to which the image formed by the
second image forming unit is transferred on the basis of the
second time, the first reference value, and the second refer-
ence value, and the control unit configured to control, when
the position adjustment information represents that the posi-
tion adjustment for the second image on the recording sheet
has been performed, a timing of conveying the recording
sheet to which the image formed by the first image forming
unit is transferred on the basis of the first time, the first
reference value, and the second reference value and control-
ling a timing of conveying the recording sheet to which the
image formed by the second image forming unitis transferred
on the basis of the second time and the second reference
value.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating an example of an
entire structure of a printer according to a first embodiment;

FIG. 2 is a schematic diagram illustrating an example of an
entire structure of a printer according to the first embodiment;

FIG. 3 is a diagram illustrating an example of a displace-
ment correction pattern formed in color according to the first
embodiment;

FIG. 4 is a diagram illustrating an example of a displace-
ment correction pattern formed in monochrome according to
the first embodiment;

FIG. 5 is a diagram illustrating an example of a hardware
structure of the printer according to the first embodiment;

FIG. 6 is a diagram illustrating an example of a timing of
detecting the displacement correction pattern formed in color
according to the first embodiment;

FIG. 7 is an explanatory view of the FC priority mode, the
Bk priority mode, and the color prohibition mode in the first
embodiment;

FIG. 8 is an explanatory view of a timing of executing of
the detection of the displacement correction pattern accord-
ing to the first embodiment;

FIG. 9 is a flowchart of an example of a process of calcu-
lating the correction amount for the normal mode in the first
embodiment;

FIG. 10 is a flowchart of an example of a process of calcu-
lating the correction amount for the monochromatic mode in
the first embodiment;

FIG. 11 is a flowchart of an example of a process of cor-
recting the conveyance timing in the first embodiment;

FIG. 12 is an explanatory view of a timing of executing of
the detection of the displacement correction pattern accord-
ing to a second embodiment;

FIG. 13 is a flowchart of an example of a process of cor-
recting the conveyance timing in the second embodiment; and

FIG. 14 is a flowchart of an example of a process of cor-
recting the conveyance timing in a third embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment
An embodiment of an image forming apparatus and a con-
veyance control method according to the present invention is
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4

hereinafter described in detail with reference to the attached
drawings. Although an example of applying the image form-
ing apparatus of the present invention to an electrophotogra-
phy color printer is described in the embodiment below, the
present invention is not limited thereto. The image forming
apparatus of the present invention can be applied to any
apparatus that forms a color image in electrophotography; for
example, the present invention is applicable to an electropho-
tography copier or a multifunctional peripheral (MFP). Note
that the multifunctional peripheral refers to an apparatus hav-
ing at least two functions of a printing function, a copying
function, a scanner function, and a facsimile function.

FIG. 1 and FIG. 2 are schematic diagrams illustrating an
example of the entire structure of a printer 10 of this embodi-
ment; FIG. 1 illustrates a state in which color printing (image
formation) is performed while FIG. 2 illustrates a state in
which monochromatic printing (image formation) is per-
formed. As shown in FIG. 1 and FIG. 2, the printer 10 includes
a paper feeding tray 12, a paper feeding roller 13, a paper
conveyance belt 14, an image forming unit 15, and a fixing
unit 40. Although FIG. 1 illustrates a so-called tandem printer
in which image forming units of different colors are arranged
along a conveyance belt as described later, the present inven-
tion is not limited thereto.

The paper feeding tray 12 has a plurality of recording
sheets stacked therein.

The paper feeding roller 13 is in contact with the uppermost
recording sheet of the recording sheets stacked in the paper
feeding tray 12, and feeds the uppermost recording sheet
therefrom.

The recording sheet fed from the paper feeding roller 13 is
sucked on the paper conveyance belt 14 by an electrostatic
adsorption action, and the sucked recording sheet is conveyed
to the image forming unit 15 (specifically, to the secondary
transfer position).

The image forming unit 15 is to form an image on the
recording sheet conveyed by the paper conveyance belt 14,
and includes image forming units 16B, 16C, 16M, and 16Y,
an intermediate transfer belt 22, a tension roller 24, a toner
marking sensor (hereinafter referred to as a TM sensor) 26, a
driving roller 28, and a secondary transfer roller 30.

The image forming units 16B, 16C, 16M, and 16Y are
arranged along the intermediate transfer belt 22 in the order of
the image forming units 16Y, 16M, 16C, and 16B from the
upstream side of the conveyance direction of the intermediate
transfer belt 22.

The image forming unit 16B includes a photosensitive
drum 17B, a charging device (not illustrated), a developing
device (not illustrated), a transferring device 18B, a photo-
sensitive cleaner (not illustrated), and a neutralizing device
(not illustrated), which are disposed around the photosensi-
tive drum 17B.

Note that each of the image forming units 16C, 16M, and
16Y has components common to the image forming unit 16B.
In the example of FIG. 1 and FIG. 2, the components of the
image forming units 16C, 16M, and 16Y are denoted by C, M,
and Y, respectively instead of B of the components for the
image forming unit 16B.

In this embodiment, in the case of forming a color image,
the photosensitive drums 17B, 17C, 17M, and 17Y are
brought into contact with the intermediate transfer belt 22 as
shown in FIG. 1; in the case of forming a monochromatic
image, the photosensitive drum 17B is brought into contact
with the intermediate transfer belt 22 and the photosensitive
drums 17C, 17M, and 17Y are lifted up from the intermediate
transfer belt 22 as shown in FIG. 2.
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The image forming unit 16B and a LEDA (Light Emitting
Diode Array) head (not illustrated) perform the image forma-
tion process (charging step, exposing step, developing step,
transferring step, cleaning step, and neutralizing step) in a
state that the photosensitive drum 17B is in contact with the
intermediate transfer belt 22; thus, a black toner image is
formed on the intermediate transfer belt 22.

Similarly, the image forming unit 16C and a LEDA head
perform the image formation process in a state that the pho-
tosensitive drum 17C is in contact with the intermediate trans-
fer belt 22; thus, a cyan toner image is formed on the inter-
mediate transfer belt 22. The image forming unit 16M and a
LEDA head perform the image formation process in a state
that the photosensitive drum 17M is in contact with the inter-
mediate transfer belt 22; thus, a magenta toner image is
formed on the intermediate transfer belt 22. The image form-
ing unit 16Y and a LEDA head perform the image formation
process in a state that the photosensitive drum 17Y is in
contact with the intermediate transfer belt 22; thus, a yellow
toner image is formed on the intermediate transfer belt 22.

In other words, in this embodiment, in the case of forming
the color image, the image forming units 16B, 16C, 16M, and
16Y perform the image forming process; on the other hand, in
the case of forming the monochromatic image, the image
forming unit 16B performs the image forming process but the
image forming units 16C, 16M, and 16Y do not perform the
image forming process.

The description is hereinafter made of the image forming
process of the image forming unit 16B mainly, and the
description of the image forming process of the image form-
ing units 16C, 16M, and 16Y is omitted.

The photosensitive drum 17B is rotated and driven by a
driving motor, which is not illustrated.

First, in the charging step, the outer peripheral surface of
the photosensitive drum 17B driven and rotated is uniformly
charged by the charging device in darkness.

Then, in the exposing step, the outer peripheral surface of
the photosensitive drum 17B driven and rotated is irradiated
with irradiation light (Bk) corresponding to the black image
from the LEDA head, thereby forming an electrostatic latent
image based on the black image on the photosensitive drum
17B.

Subsequently, in the developing step, the developing
device develops the electrostatic latent image formed on the
photosensitive drum 17B with black toner, thereby forming a
black toner image on the photosensitive drum 17B.

Then, in the transferring step, the transferring device 18B
transfers the black toner image formed on the photosensitive
drum 17B to the intermediate transfer belt 22 at a primary
transfer position where the transferring device 18B is in con-
tact with the photosensitive drum 17B. Note that a slight
amount of untransferred toner remains on the photosensitive
drum 17B after the transfer of the toner image.

Subsequently, in the cleaning step, the photosensitive
cleaner removes the untransferred toner remaining on the
photosensitive drum 17B.

Finally, in the neutralizing step, the neutralizing device
neutralizes the remaining potential on the photosensitive
drum 17B. Then, the image forming unit 16B stands-by for
the next image formation.

The intermediate transfer belt 22 (an example of the con-
veyance mechanism) is an endless belt wound around the
tension roller 24 and the driving roller 28, and the belt is
moved endlessly in the order of the image forming units 16,
16M, 16C, and 16B when the driving roller 28 is driven and
rotated by the driving motor, which is not illustrated.
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As shown in FIG. 1, in the case of forming the color image,
first, the yellow toner image is transferred to the intermediate
transfer belt 22 by the image forming unit 16Y, and then, the
magenta toner image, the cyan toner image, and the black
toner image are transferred in the overlapped state by the
image forming units 16 M, 16C, and 16B, respectively. Thus,
the full-color image is formed on the intermediate transfer
belt 22.

As shown in FIG. 2, in the case of forming the monochro-
matic image, the black toner image is transferred to the inter-
mediate transfer belt 22 by the image forming unit 16B. Thus,
the monochromatic image is formed on the intermediate
transfer belt 22.

As soon as the image formed on the intermediate transfer
belt 22 reaches a secondary transfer position where the sec-
ondary transfer roller 30 is in contact with the driving roller
28, the recording sheet conveyed by the paper conveyance
belt 14 is pressed against the image formed on the interme-
diate transfer belt 22 at the secondary transfer position. Thus,
the image is transferred to the recording sheet from the inter-
mediate transfer belt 22.

The fixing unit 40 fixes the image transferred to the record-
ing sheet by heating and pressing the recording sheet con-
veyed by the paper conveyance belt 14. The recording sheet
having the image fixed thereon is discharged out ofthe printer
10.

The tension roller 24 absorbs the entire expansion of the
intermediate transfer belt 22 caused by the temperature
change by applying tension to the intermediate transfer belt
22. In other words, in this embodiment, the intermediate
transfer belt 22 is not expanded uniformly but the expansion
of the intermediate transfer belt 22 due to the temperature
change is collected to the tension roller 24.

In this embodiment, the tension roller 24 is positioned in a
route of the intermediate transfer belt 22 from the primary
transfer position on the most downstream side (the primary
transfer position where the photosensitive drum 17B is in
contact with the transferring device 18B) to the TM sensor 26.

Therefore, in this embodiment, if the influence of the tem-
perature change is equal, the amount of expansion of the
intermediate transfer belt 22 in the image conveyance dis-
tance of the intermediate transfer belt 22 in the case of form-
ing the color image (distance from the first primary transfer
position where the photosensitive drum 17B is in contact with
the transferring device 18B to the secondary transfer position)
becomes equal to the amount of expansion of the intermediate
transfer belt 22 in the image conveyance distance of the
intermediate transfer belt 22 in the case of forming the mono-
chromatic image (distance from the first primary transfer
position where the photosensitive drum 17B is in contact with
the transferring device 18B to the secondary transfer posi-
tion).

The TM sensor 26 (an example of detector) is, for example,
a photosensor, and reads a displacement correction pattern
formed on the intermediate transfer belt 22. In this embodi-
ment, in the case of forming the color image as shown in FI1G.
1, the displacement correction pattern (an example of a first
pattern) is formed in four colors on the intermediate transfer
belt 22 by the image forming units 16B, 16C, 16M, and 16Y;
in the case of forming the monochromatic image as shown in
FIG. 2, the displacement correction pattern (an example of a
second pattern) is formed in monochrome on the intermediate
transfer belt 22 by the image forming unit 16B.

FIG. 3 illustrates an example of the displacement correc-
tion pattern formed in color of this embodiment. As shown in
FIG. 3, the displacement correction pattern formed in color
includes detection timing correction patterns 200-1 and 200-2
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at the head, which are followed by correction pattern rows
201-1 to 203-1 and 201-2 to 203-2, respectively.

The detection timing correction patterns 200-1 and 200-2
are each formed of two Y-color linear patterns. The correction
pattern rows 201-1 to 203-1 and 201-2 to 203-2 are each
formed of eight pattern rows in total: four linear patterns and
four oblique patterns. The four linear patterns and the four
oblique patterns are each formed of four colors of Y, B, M, and
C.

In the example of FIG. 3, the number of correction pattern
rows disposed in a sub-scanning direction (the number of
correction pattern rows disposed after the detection timing
correction pattern) is three; however, the present invention is
not limited thereto and may be any number. In the example of
FIG. 3, similarly, the two pattern rows each including the
detection timing correction pattern and the correction pattern
rows are provided in parallel; however, the present invention
is not limited thereto and the number of rows may be deter-
mined in accordance with the number of TM sensors 26.

By detecting the detection timing correction patterns 200-1
and 200-2 with the TM sensor 26, the time after the image
forming unit 16Y forms (specifically, exposes) the detection
timing correction patterns 200-1 and 200-2 and before the
formed patterns reaches the detection position of the TM
sensor 26 is detected.

Then, the difference between the detected time and a ref-
erence value (logical value) is calculated, and based on the
calculated difference, the timing of reading out the correction
pattern rows 201-1 to 203-1 and 201-2 to 203-2 with the TM
sensor 26 is corrected, whereby the TM sensor 26 can surely
detect the correction patternrows 201-1 to 203-1 and 201-2 to
203-2. Since the detection results reflect the displacement
amount due to the tolerance of the incidence angle of the
LEDA light on the photosensitive drum or the displacement
amount due to the change in conveyance speed of the inter-
mediate transfer belt, the image position correction can be
performed. By using the calculated difference, similarly, the
timing of conveying the recording sheet to the secondary
transfer position by the paper conveyance belt 14 can be
corrected.

In the example of FIG. 3, the detection timing correction
patterns 200-1 and 200-2 are formed inY color because, in the
case of the color image formation, the image forming unit
16Y is in the most upstream side of the image forming process
and the amount of delay is 0. As a result, the influence of the
measurement error from hardware after the image formation
of the detection timing correction patterns 200-1 and 200-2
by the image forming unit 16Y to the detection of the patterns
by the TM sensor 26 can be reduced, thereby increasing the
accuracy of the image position correction or the conveyance
timing correction.

FIG. 4 is a diagram illustrating an example of the displace-
ment correction pattern formed in monochrome of this
embodiment. As shown in FIG. 4, the displacement correc-
tion pattern formed in monochrome includes detection timing
correction patterns 210-1 and 210-2 at the head.

Each of the detection timing correction patterns 210-1 and
210-2 includes two linear patterns of the B color. In the
example of FIG. 4, the two pattern rows including the detec-
tion timing correction patterns are provided in parallel; how-
ever, the present invention is not limited thereto and the num-
ber of the pattern rows may be determined in accordance with
the number of TM sensors 26.

The TM sensor 26 detects the detection timing correction
patterns 210-1 and 210-2. Since the detection results reflect
the displacement due to the tolerance of the incidence angle of
the LEDA light on the photosensitive drum or the displace-
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ment due to the change in conveyance speed of the interme-
diate transfer belt, the image position correction can be per-
formed.

By detecting the detection timing correction patterns 210-1
and 210-2 with the TM sensor 26, the time after the image
forming unit 16Y forms (specifically, exposes) the detection
timing correction patterns 210-1 and 210-2 and before the
formed patterns reaches the detection position of the TM
sensor 26 is detected. Then, the difference between the
detected time and a reference value (logical value) is calcu-
lated, and based on the calculated difference, the timing of
conveying the recording sheet to the secondary transfer posi-
tion by the paper conveyance belt 14 can be corrected.

In the example of FIG. 4, the detection timing correction
patterns 210-1 and 210-2 are formed in the B color because,
in the case of the monochromatic image formation, the image
forming unit 16B is in the most upstream side of the image
forming process and the amount of delay is 0. As a result, the
influence of the measurement error from hardware after the
image formation of the detection timing correction patterns
210-1 and 210-2 by the image forming unit 16B to the detec-
tion of the patterns by the TM sensor 26 can be reduced,
thereby the accuracy of the image position correction or the
conveyance timing correction is increased.

FIG. 5 is a diagram illustrating an example of a hardware
structure of the printer 10 of this embodiment. As shown in
FIG. 5, the printer 10 includes: a CPU (Central Processing
Unit) 100; ROM (Read Only Memory) 102; RAM (Random
Access Memory) 104; an 1/O port 106; an electrical compo-
nent 107; a sensor 108; a fixing unit 109; a LEDA control
ASIC (Application Specific integrated Circuit) 110; a LEDH
(Bk) 112; a LEDH(C) 114; a LEDH(M) 116; a LEDH(Y)
118; and a CTL 130.

The CTL 130 is a controller for controlling the printer 10,
and upon the reception of a print job from a host computer or
the like, the CTL 130 transmits video data such as the image
data included in the print job to the LEDA control ASIC 110,
performs serial communication with the CPU 100, and orders
the print control.

Upon the reception of the video data from the CTL. 130, the
LEDA control ASIC 110 converts the received video data into
signals for causing the LEDH(Bk) 112, the LEDH(C) 114,
the LEDH(M) 116, and the LEDH(Y) 118 to emit light. By
making the LEDH(Bk) 112, the LEDH(C) 114, the LEDH
(M) 116, and the LEDH(Y) 118 emit light (illuminate) on the
basis of the converted signals, the image data are written.

In conjunction with the writing of the image data by the
LEDH(BKk) 112, the LEDH(C) 114, the LEDH(M) 116, and
the LEDH(Y) 118, the image forming units 16B, 16C, 16M,
and 16Y execute the image forming process by electropho-
tography and transfer the formed toner image to the sheet.

Ifthe video data are the video data for the color image, the
LEDA control ASIC 110 causes the LEDH(Bk) 112, the
LEDH(C) 114, the LEDH(M) 116, and the LEDH(Y) 118 to
emit light (illuminate); however, if the video data are the
video data for the monochromatic image, the LEDA control
ASIC 110 causes only the LEDH(Bk) 112 to emit light (illu-
minate).

The CPU 100 uses the RAM 104 as a working area where
the CPU 100 executes the program stored in the ROM 102 as
flash ROM, thereby performing various controls over the
printer 10. For example, upon the reception of the order of the
print control from the CTL 130, the CPU 100 performs the
serial communication with the LEDA control ASIC 110 to
control the light emission timing of the LEDH(Bk) 112, the
LEDH(C) 114, the LEDH(M) 116, and the LEDH(Y) 118 or
to control the electrical component 107, the sensor 108 such
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as the TM sensor 26 or a temperature and humidity sensor
(not illustrated), and the fixing unit 109 such as the fixing unit
40 via the /O port 106.

The CPU 100 performs the image position correction or the
conveyance timing correction. The description is hereinafter
made of the image position correction or the conveyance
timing correction by the CPU 100.

First, the image position correction is described with ref-
erence to FIG. 6.

FIG. 6 is a diagram depicting an example of the timing of
detecting the displacement correction pattern formed in color
according to this embodiment.

First, at the same time as the start of the image formation of
the detection timing correction pattern 200-1 (gate signal
assert), the pattern detection counter is reset.

Subsequently, the CPU 100 sets the interruption signal
generation timing T0 (several milliseconds before the detec-
tion of the detection timing correction pattern 200-1), and
when the time has reached T0, the interruption signal is gen-
erated and the pattern detection counter is reset at the same
time again. Then, the CPU 100 sets the next interruption
signal generation timing T1.

Next, since the TM sensor 26 detects the detection timing
correction pattern 200-1 before T1, the output signal inter-
sects with the threshold value on this timing and the counter
value in the pattern detection counter is saved in a timing
storage register.

Subsequently, when the time has reached T1, the interrup-
tion signal is generated; therefore, the CPU 100 reads out the
counter value from the timing storage register. From this
counter value, the time after the start of the image formation
of the detection timing correction pattern 200-1 and before
the detection of the first linear pattern of the detection timing
correction pattern 200-1 by the TM sensor 26 can be speci-
fied.

Then, the CPU 100 sets the interruption signal generation
timing T2, and repeats the process from the setting of T0 to
the acquisition of the counter value once again; thus, the
counter value is acquired. From this counter value, the time
after the start of the image formation of the detection timing
correction pattern 200-1 and before the detection of the sec-
ond linear pattern of the detection timing correction pattern
200-1 by the TM sensor 26 can be specified.

The CPU 100 compares a reference value (an example of a
first reference value) for the displacement correction pattern
formed in color with the time after the start of the image
formation of the detection timing correction pattern 200-1
and before the detection of at least one of the first linear
pattern and the second linear pattern of the detection timing
correction pattern 200-1 by the TM sensor 26, and calculates
the correction amount (difference). The reference value for
the displacement correction pattern formed in color is, for
example, measured in advance and stored in the ROM 102.

Thus, the CPU 100 can know the displacement of the
timing of detecting the displacement correction pattern
formed in color; therefore, the next interruption signal gen-
eration timing TX is calculated and set based on this correc-
tion amount. As a result, the CPU 100 can generate the inter-
ruption signal at the timing suitable for acquiring the
detection results of the correction pattern rows 201-1 to 203-
1.

Next, when the time has reached the timing TX, the inter-
ruption signal is generated; therefore, the CPU 100 sets the
interruption signal generation timing T3 for the linear pattern
of'the correction pattern row 201-1 and the interruption signal
generation timing T4 for the oblique pattern of the correction
pattern row 201-1 in this order. Thus, the CPU 100 can
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acquire the detection results of the linear pattern or the

oblique pattern of the correction pattern row 201-1 at the

optimal timing. This similarly applies to the correction pat-

tern rows 202-1 and 203-1.

Then, in accordance with the detection results of the cor-
rection pattern rows 201-1 to 203-1, the CPU 100 causes the
LEDA control ASIC 110 to correct the light emission timings
ofthe LEDH(BK) 112, the LEDH(C) 114, the LEDH(M) 116,
and the LEDH(Y) 118, thereby the CPU 100 performs the
image position correction.

The above description made of the detection timing cor-
rection pattern 200-1 and the correction pattern rows 201-1 to
203-1 similarly applies to the detection timing correction
pattern 200-2 and the correction pattern rows 201-2 to 203-2.

Inthe case of the displacement correction pattern formed in
monochrome, the CPU 100 performs the detection of the
detection timing correction patterns 210-1 and 210-2 in a
manner similar to the detection of the detection timing cor-
rection patterns 200-1 and 200-2, and using the detection
results of the detection timing correction patterns 210-1 and
210-2, the CPU 100 performs the image position correction.

Next, the conveyance timing correction is described. Note
that in the description below, the correction amount is calcu-
lated on the premise that the following conditions (1) to (6)
are satisfied:

(1) the number of rotations of the photosensitive drum does
not change even though the environment changes or the
time has passed;

(2) the amount of change in distance from the primary transfer
position to the secondary transfer position due to the
expansion of the intermediate transfer belt is the same in
the case of forming either the color image or the mono-
chromatic image;

(3) the number of rotations of the photosensitive drum does
not change in the case of forming either the color image or
the monochromatic image;

(4) the linear velocity of the intermediate transfer belt does
not change in the case of forming either the color image or
the monochromatic image;

(5) the opening or closing of the cover does not change the
position of the LEDA exposure; and

(6) the exchange of PCDU does not change the primary
transfer position.

Inthe description below, “the detection of the displacement
correction pattern formed in color” may be referred to as “the
detection of the displacement correction pattern in the normal
mode”, “the reference value for the displacement correction
pattern formed in color” may be referred to as “the reference
value for the normal mode”, “the detection timing correction
pattern 200-1” may be referred to as “the detection timing
correction pattern (Y)R”, and “the detection timing correc-
tion pattern 200-2” may be referred to as “the detection timing
correction pattern (Y)L”.

Similarly, in the description below, “the detection of the
displacement correction pattern formed in monochrome”
may be referred to as “the detection of the displacement
correction pattern in the monochromatic mode”, “the refer-
ence value for the displacement correction pattern formed in
monochrome” may be referred to as “the reference value for
the monochromatic mode”, “the detection timing correction
pattern 210-1” may be referred to as “the detection timing
correction pattern (B)R”, and “the detection timing correc-
tion pattern 210-2” may be referred to as “the detection timing
correction pattern (B)L”.

In the case of the detection of the displacement correction
pattern in the normal mode, the CPU 100 calculates the cor-
rection amount for the normal mode using Formula (1).
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Correction amount for the normal mode={(measure-
ment value of detection timing correction pattern
(¥Y)R+measurement value of detection timing
correction pattern (¥)L)/2-reference value for the

normal mode }xsampling length d1[pm] (€8]

In the case of the detection of the displacement correction

pattern in the monochromatic mode, the CPU 100 calculates
the correction amount for the normal mode using Formula

).

Correction amount for the normal mode={(measure-
ment value of detection timing correction pattern
(B)R+measurement value of detection timing
correction pattern (B)L)/2-reference value for the

monochromatic mode}xsampling length @1 [um] 2)

In a manner similar to the reference value for the normal
mode, the reference value for the monochromatic mode is
also measured and stored in the ROM 102 in advance. The
correction amount for the normal mode and the correction
amount for the monochromatic mode consist of significant
five digits (-32768 to 32767); however, the present invention
is not limited thereto.

When the first condition is satisfied, the CPU 100 controls
the conveyance timing for the recording sheet to which the
color image is transferred, by using the correction amount for
the normal mode; when the second condition is satisfied, the
CPU 100 controls the conveyance timing for the recording
sheet to which the monochromatic image is transferred, by
using the correction amount for the monochromatic mode.

Specifically, if the first condition is satisfied, the CPU 100
determines the position correction amount AP [um] from the
correction amount for the normal mode, and based on the
position correction amount AP [um], the CPU 100 corrects
and controls the timing of feeding paper from the paper feed-
ing roller 13 or the timing of conveying the recording sheet
with the paper conveyance belt 14. Similarly, if the second
condition is satisfied, the CPU 100 determines the position
correction amount AP [pum] from the correction amount for
the monochromatic mode, and based on the position correc-
tion amount AP [um], the CPU 100 corrects and controls the
timing of feeding paper from the paper feeding roller 13 or the
timing of conveying the recording sheet with the paper con-
veyance belt 14.

If the mode of the printer 10 is the FC priority mode for
putting priority on the color image formation, the first condi-
tion is satisfied. Moreover, if the mode of the printer 10 is the
Bk priority mode for putting priority on the monochromatic
image formation or is the color prohibition mode for prohib-
iting the color image formation, the first condition is satisfied
as long as the previous detection of the displacement correc-
tion pattern is the detection of the displacement correction
pattern in the normal mode. On the other hand, if the mode of
the printer 10 is the Bk priority mode for putting priority on
the monochromatic image formation or is the color prohibi-
tion mode for prohibiting the color image formation, the
second condition is satisfied as long as the previous detection
of the displacement correction pattern is the detection of the
displacement correction pattern in the monochromatic mode.

Whether the previous detection of the displacement cor-
rection pattern is the detection of the displacement correction
pattern in the normal mode or the detection of the displace-
ment correction pattern in the monochromatic mode is stored
as the information in the ROM 102 every time when the CPU
100 detects the displacement correction pattern, and this
information may be referred to.

FIG. 7 is an explanatory view of the FC priority mode, the
Bk priority mode, and the color prohibition mode of this
embodiment. As shown in FIG. 7, the FC priority mode and
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the Bk priority mode are the modes set by the CPU 100 when
the setting is ordered by a user through an operation panel or
the like, which is not illustrated. The color prohibition mode
is the mode set by the CPU 100 upon the detection of the toner
end of any of the cyan toner, the yellow toner, and the magenta
toner.

The FC priority mode is the mode in which the operation
and quality of the color printing are considered important, and
is executed only in the normal mode (image formation in
color). The Bk priority mode is the mode in which the reduc-
tion of the consumption of the color toner (cyan toner, yellow
toner, and magenta toner) is considered important when the
monochromatic printing is performed more often, and is
executed not just in the monochromatic mode (image forma-
tion in monochrome) but also in the normal mode (image
formation in color). The color prohibition mode is the mode
in which the color printing is prohibited, and is executed only
in the monochromatic mode (image formation in mono-
chrome).

Next, the timing of executing the detection of the displace-
ment correction pattern is described. FIG. 8 is an explanatory
view of the timing of executing the detection of the displace-
ment correction pattern according to this embodiment. In this
embodiment, basically, the detection of the displacement cor-
rection pattern is executed before the start of the job; however,
the timing of the execution is not limited thereto.

Itis assumed that the detection of the displacement correc-
tion pattern in the normal mode is requested before the start of
the job for the color. In this case, if the mode is the FC priority
mode or the Bk priority mode, the CPU 100 executes the
detection of the displacement correction pattern in the normal
mode before the start of the job for the color.

Itis assumed that the detection of the displacement correc-
tion pattern in the normal mode is requested before the start of
the job for the monochrome. In this case, if the mode is the FC
priority mode, the CPU 100 executes the detection of the
displacement correction pattern in the normal mode before
the start of the job for the monochrome.

Itis assumed that the detection of the displacement correc-
tion pattern in the monochromatic mode is requested before
the start of the job for the monochrome. In this case, if the
mode is the Bk priority mode or the color prohibition mode,
the CPU 100 executes the detection of the displacement cor-
rection pattern in the monochromatic mode before the start of
the job for the monochrome.

FIG. 9 is a flowchart of an example of a process of calcu-
lating the correction amount for the normal mode in this
embodiment.

First, upon the execution of the detection of the displace-
ment correction pattern in the normal mode, the displacement
correction pattern are formed in four colors on the interme-
diate transfer belt 22 by the image forming units 16B, 16C,
16M, and 16Y, and the detection timing correction patterns
200-1 and 200-2 of the displacement correction pattern are
detected by the TM sensor 26 (Step S101).

Subsequently, the CPU 100 acquires the counter value for
specifying the time after the start of the image formation of
the detection timing correction patterns 200-1 and 200-2 and
before the detection thereof by the TM sensor 26, and a
reference value for the normal mode. Using Formula (1), the
CPU 100 calculates the correction amount for the normal
mode and stores the calculated amount in the ROM 102 (Step
S102).

FIG. 10 is a flowchart of an example of a process of calcu-
lating the correction amount for the monochromatic mode
according to this embodiment.
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First, upon the execution of the detection of the displace-
ment correction pattern in the monochromatic mode, the dis-
placement correction pattern formed in monochrome is
formed on the intermediate transfer belt 22 by the image
forming unit 16B, and the detection timing correction pat-
terns 210-1 and 210-2 of the displacement correction pattern
are detected by the TM sensor 26 (Step S201).

Subsequently, the CPU 100 acquires the counter value for
specifying the time after the start of the image formation of
the detection timing correction patterns 210-1 and 210-2 and
before the detection thereof by the TM sensor 26, and a
reference value for the monochromatic mode. Using Formula
(2), the CPU 100 calculates the correction amount for the
monochromatic mode and stores the calculated amount in the
ROM 102 (Step S202).

FIG. 11 is a flowchart of an example of a process of cor-
recting the conveyance timing according to this embodiment.

First, the CPU 100 checks whether the mode of the printer
10 is the FC priority mode or not before the start of the
printing (Step S301), and when the mode is the FC priority
mode (Yes in Step S301), the CPU 100 acquires the correction
amount for the normal mode from the ROM 102 (Step S302).

When the mode is not the FC priority mode (No in Step
S301), the mode is the Bk priority mode or the color prohi-
bition mode; therefore, the CPU 100 checks whether or not
the previous detection of the displacement correction pattern
(image position correction) has been performed in the normal
mode (Step S303).

When the mode is the normal mode (Yes in Step 3303), the
CPU 100 acquires the correction amount for the normal mode
from the ROM 102 (Step S302); when the mode is not the
normal mode but the monochromatic mode (No in Step
S303), the CPU 100 acquires the correction amount for the
monochromatic mode from the ROM 102 (Step S304).

Subsequently, the CPU 100 determines the position cor-
rection amount calculated from the acquired correction
amount, and using the position correction amount, the CPU
100 corrects and controls the timing of feeding paper from the
paper feeding roller 13 or the timing of conveying the record-
ing sheet by the paper conveyance belt 14 (Step S305).

As described above, in this embodiment, the detection of
the displacement correction pattern is performed using not
justthe color but also the monochrome; by using the detection
results (detection time) obtained from the monochrome, the
conveyance control for the recording sheet is performed.

Therefore, according to this embodiment, in the case of
performing only the monochromatic printing, the conveyance
control for the recording sheet is performed using the detec-
tion results obtained from the monochrome instead of the
detection results obtained from the color. Therefore, the accu-
racy of the conveyance control for the recording sheet can be
increased while the extra consumption of the toner is reduced.

In contrast to this, in the case of performing the detection of
the displacement correction pattern using the color, even
though only the monochromatic printing is performed, the
conveyance control for the recording sheet is performed using
the detection results obtained from the color. This results in
the extra consumption of color toner.

Further, in the case where the image forming unit in the
most upstream side is different for the color image formation
and the monochromatic image formation like in the printer of
this embodiment, the expansion amount of the intermediate
transfer belt over the distance for conveying the color image
and the expansion amount of the intermediate transfer belt
over the distance for conveying the monochromatic image are
different even under the same influence of the temperature
change unless the tension roller is disposed. Therefore, in the
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case of detecting the displacement correction pattern using
color only, in order to perform the conveyance control for the
recording sheet at the monochromatic printing, the detection
results obtained from the color needs to be subjected to pre-
determined conversion. Therefore, the conveyance control
for the recording sheet at the monochromatic printing is less
accurate than that at the color printing.

According to this embodiment, in any case of the color and
monochromatic printings, the image forming unit in the most
upstream side in the image forming process forms the detec-
tion timing correction pattern; therefore, the influence of the
measurement error from the hardware can be reduced and the
accuracy of the image position correction and the conveyance
timing correction can be increased further.

According to this embodiment, both the image position
correction and the conveyance timing correction are per-
formed using the detection result of the displacement correc-
tion pattern; therefore, the extra toner consumption can be
reduced.

In this embodiment, if the use of the FC priority mode as a
default is assumed, the detection of the displacement correc-
tion pattern in the normal mode is mainly performed and in
some cases, the printing in the monochromatic mode is per-
formed. Therefore, in the case where the image forming unit
in the most upstream side is different in the color image
formation and the monochromatic image formation as
described in this embodiment, it is preferable to dispose the
tension roller so that the expansion amount of the intermedi-
ate transfer belt over the distance for conveying the color
image and the expansion amount of the intermediate transfer
belt over the distance for conveying the monochromatic
image are the same value.

Second Embodiment

As described above, in the technique disclosed in Japanese
Patent Application Laid-open No. 2008-76534, for example,
based on the timing of reading the first set of the displacement
correction pattern, the timing of detecting the second and
subsequent sets of the displacement correction pattern is
decided. Thus, even though the intermediate transfer belt is
expanded or contracted, the second set and subsequent sets of
the displacement correction patterns can be read surely to
perform the image position correction.

Moreover, the difference from the reference value of the
detection time of the displacement correction pattern is cal-
culated, and if the conveyance timing correction is performed
based on the calculated difference, the conveyance control for
the recording sheet considering the expansion or the contrac-
tion of the intermediate transfer belt becomes possible.

In this case, the image position correction and the convey-
ance timing correction are performed commonly using the
detection results of the displacement correction pattern;
therefore, the timing of executing the both corrections is the
same.

Therefore, in the case of an image forming apparatus where
the displacement is unlikely to occur, the image position
correction is performed less frequently, and accordingly, the
conveyance timing correction is performed less frequently.
As aresult, the execution frequency of the conveyance timing
correction is insufficient, resulting in that the expansion and
the contraction of the intermediate transfer belt cannot be
absorbed in the conveyance control for the recording sheet
and the recording sheet may be unable to be conveyed at the
appropriate timing.

Here, if the conveyance timing correction is performed
more frequently by detecting the displacement correction
pattern for the conveyance timing correction independently, it
is possible to absorb the expansion and the contraction of the
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intermediate transfer belt in the conveyance control for the

recording sheet; however, in this case, the developer is con-

sumed more.

In view of this, the second embodiment describes an
example ofincreasing the accuracy of the conveyance control
for the recording sheet while the consumption of the devel-
oper is suppressed. The description below is mainly made of
the difference from the first embodiment, and the components
having functions similar to those of the first embodiment are
omitted.

First, the conveyance timing correction in this second
embodiment is described. Note that in the description below,
the correction amount is calculated on the premise that the
following conditions (1) to (6) are satisfied:

(1) the number of rotations of the photosensitive drum does
not change even though the environment changes or the
time has passed;

(2) the amount of change in distance from the primary transfer
position to the secondary transfer position due to the
expansion of the intermediate transfer belt is the same in
the case of forming either the color image or the mono-
chromatic image;

(3) the number of rotations of the photosensitive drum does
not change in the case of forming either the color image or
the monochromatic image;

(4) the linear velocity of the intermediate transfer belt does
not change in the case of forming either the color image or
the monochromatic image;

(5) the opening or closing of the cover does not change the
position of the LEDA exposure; and

(6) the exchange of PCDU does not change the primary
transfer position.

Inthe description below, “the detection of the displacement
correction pattern formed in color” may be referred to as “the
detection of the displacement correction pattern in the normal
mode”, “the reference value for the displacement correction
pattern formed in color” may be referred to as “the reference
value for the normal mode”, “the detection timing correction
pattern 200-1” may be referred to as “the detection timing
correction pattern (Y)R”, and “the detection timing correc-
tion pattern 200-2” may be referred to as “the detection timing
correction pattern (Y)L”.

Similarly, in the description below, “the detection of the
displacement correction pattern formed in monochrome”
may be referred to as “the detection of the displacement
correction pattern in the monochromatic mode”, “the refer-
ence value for the displacement correction pattern formed in
monochrome” may be referred to as “the reference value for
the monochromatic mode”, “the detection timing correction
pattern 210-1” may be referred to as “the detection timing
correction pattern (B)R”, and “the detection timing correc-
tion pattern 210-2” may be referred to as “the detection timing
correction pattern (B)L”.

In the case of the detection of the displacement correction
pattern in the normal mode, the CPU 100 calculates the cor-
rection amount for the normal mode using Formula (1).

Here, the sampling length d1 is, for example, 0.9961/c
[um], and the linear velocity adjustment factor o is, for
example, 0.99.

In the case of the detection of the displacement correction
pattern in the monochromatic mode, the CPU 100 calculates
the correction amount for the normal mode using Formula
2.

When the previous detection of the displacement correc-
tion pattern is the detection of the displacement correction
pattern in the normal mode, the CPU 100 controls the con-
veyance timing for the recording sheet to which the color

10

20

25

30

40

45

16

image is transferred, using a value obtained by adding the
offset according to the temperature change detected by the
temperature and humidity sensor to the correction amount for
the normal mode. When the previous detection of the dis-
placement correction pattern is the detection of the displace-
ment correction pattern in the monochromatic mode, the CPU
100 controls the conveyance timing for the recording sheet to
which the monochromatic image is transferred, using a value
obtained by adding the offset according to the temperature
change detected by the temperature and humidity sensor to
the correction amount for the monochromatic mode. Note
that the temperature sensed by the temperature and humidity
sensor may be the temperature inside the apparatus or outside
the apparatus.

Specifically, when the previous detection of the displace-
ment correction pattern is the detection of the displacement
correction pattern in the normal mode, the CPU 100 calcu-
lates the offset AToffset using Formula (3), decides the posi-
tion correction amount AP [um] using Formula (4), and cor-
rects and controls the timing of feeing paper from the paper
feeding roller 13 and the timing for conveying the recording
sheet by the paper conveyance belt 14 using the decided
position correction amount AP.

AToffset=(Tenv-temperature at the detection of the
displacement correction pattern in the normal

mode)xPxBelt [um] ©)

Here, Tenv is the measurement result (temperature) of the
temperature and humidity sensor during the printing, the
transfer belt expansion coefficient  is, for example, 0.11x
1073 [/° C.] and the entire length of the transfer belt, Belt, is
750%x10° [um], for example.

AP=(correction amount for normal mode+AZToffset)

Q)

Similarly, if the previous detection of the displacement
correction pattern is the detection of the displacement correc-
tion pattern in the monochromatic mode, the CPU 100 calcu-
lates the offset AToffset using Formula (5), decides the posi-
tion correction amount AP using Formula (6), and corrects
and controls the timing of feeding paper from the paper feed-
ing roller 13 and the timing for conveying the recording sheet
by the paper conveyance belt 14 using the decided position
correction amount AP.

AToffset=(Tenv-temperature at the detection of the
displacement correction pattern in the monochro-

matic mode)xpxBelt [um] (5)

AP=(correction amount for monochromatic mode+

AToffset) (6)

In this embodiment, the upper-limit and lower-limit values
are set in the offset AToffset, and if AToffset=1000 [um],
ATotfset=1000 [um] and if AToffset—1000 [um], AToffset=—
1000 [pm].

Note that the position correction amount AP is calculated
before the start of the page. The temperature at the detection
of the displacement correction pattern in the normal mode
and the temperature at the detection of the displacement cor-
rection pattern in the monochromatic mode are stored in the
ROM 102 after the measurement.

Next, the timing of executing the detection of the displace-
ment correction pattern in the second embodiment is
described. FIG. 12 is an explanatory view of the timing of
executing the detection of the displacement correction pattern
in the second embodiment. In this embodiment, basically, the
detection ofthe displacement correction pattern is executed at
the power input, at the restoration from the sleep mode, etc.,
before the start of the job, and after the end of the job;
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however, the timing of execution is not limited thereto. For
example, the execution may be triggered by temperature
change over a certain range.

When the detection of the displacement correction pattern
is executed, the image position correction and the conveyance
timing correction are performed; in this case, it is not neces-
sary to consider the offset AToffset in the conveyance timing
correction. In other words, the CPU 100 may calculate the
position correction amount AP from the correction amount
for the normal mode or the correction amount for the mono-
chromatic mode.

For example, it is assumed that the detection of displace-
ment correction pattern in the normal mode is requested in the
case of starting the job for the color. In this case, if the mode
is the FC priority mode or the Bk priority mode, the CPU 100
executes the detection of the displacement correction pattern
in the normal mode before the start of the job for the color.

In addition, it is assumed that the detection of displacement
correction pattern in the normal mode is requested in the case
of starting the job for the monochrome. In this case, if the
mode is the FC priority mode, the CPU 100 executes the
detection of the displacement correction pattern in the normal
mode before the start of the job for the monochrome.

Further, it is assumed that the detection of displacement
correction pattern in the monochromatic mode is requested in
the case of starting the job for the monochrome. In this case,
if the mode is the Bk priority mode or the color prohibition
mode, the CPU 100 executes the detection of the displace-
ment correction pattern in the monochromatic mode before
the start of the job for the monochrome.

In FIG. 12, “rest time” starts from the time at which the
image forming motor for the image forming unit 16B stops
finally. “Detected rest time exceeded threshold” means that
one of the following conditions is satisfied: the measurement
result from a real-time clock included in the CTL 130 has
exceeded 2880 minutes (48 hours); and a timer-up signal is
active. “Light detected” is a function of detecting the bright-
ness around the printer with an illuminance sensor, and if a
dark state continues for a certain period, determining that
there is no one who uses the printer and turning off the power.
“SP” is the nonvolatile data stored in the ROM 102 whose
control program can be changed depending on the condition
or which can be changed in accordance with the state of the
image by a service man.

For allowing the users to efficiently use the time other than
the downtime, the image position correction is often executed
at the end of the job in the general image forming apparatus.
In contrast to this, in this embodiment, in order to minimize
the situation that the conveyance deviation of the recording
sheet is deteriorated without increasing the number of times
of'executing the image position correction, the image position
correction by the detection that the rest time has exceeded the
threshold and the image position correction at the end of the
job are omitted. The image position correction may be
executed at the initialization or the start-up time for fixing.

FIG. 13 is a flowchart of an example of a process of the
conveyance timing correction in this embodiment.

First, the CPU 100 checks whether or not the previous
detection of the displacement correction pattern (image posi-
tion correction) has been performed in the normal mode (Step
S401).

Subsequently, when the mode is the normal mode (Yes in
Step S401), the CPU 100 acquires the correction amount for
the normal mode from the ROM 102, calculates the offset
AToffset using Formula (3), and decides the position correc-
tion amount AP [um] using Formula (4) (Step S402).
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Meanwhile, when the mode is not the normal mode but the
monochromatic mode (No in Step S401), the CPU 100
acquires the correction amount for the monochromatic mode
from the ROM 102, calculates the offset ATotfset using For-
mula (5), and decides the position correction amount AP [um]
using Formula (6) (Step S403).

Subsequently, using the decided position correction
amount AP, the CPU 100 corrects and controls the timing of
feeding paper from the paper feeding roller 13 and the timing
of conveying the recording paper by the paper conveyance
belt 14 (Step S404).

According to this embodiment as above, in the case of not
performing the image position correction, the CPU 100 pre-
dicts the expansion of the intermediate transfer belt as the
offset of the temperature change and performs the convey-
ance control for the recording sheet. Thus, in this embodi-
ment, the accuracy of the conveyance control for the record-
ing sheet can be increased while the consumption of the
developer is suppressed. In particular, in the case of using the
LEDA head as the exposing mechanism as described in this
embodiment, the displacement due to the temperature change
is unlikely to occur, which is more preferable.

Third Embodiment

In the technique disclosed in Japanese Patent Application
Laid-open No. 2008-76534, based on the timing of reading
the first set of the displacement correction pattern, the timing
of detecting the second and subsequent sets of the displace-
ment correction patterns is decided. Thus, even though the
intermediate transfer belt is expanded or contracted, the sec-
ond set and subsequent sets of the displacement correction
patterns can be read surely to perform the image position
correction.

Moreover, the difference from the reference value of the
detection time of the displacement correction pattern is cal-
culated, and if the conveyance timing correction is performed
based on the calculated difference, the conveyance control for
the recording sheet considering the expansion or the contrac-
tion of the intermediate transfer belt becomes possible.

However, the conveyance timing correction described
above is merely the correction of the displacement depending
on the expansion of the intermediate transfer belt; in general,
the conveyance timing for the recording sheet is adjusted at
the shipment from the factory so that the image is formed at
the correct position on the recording sheet or adjusted by the
setting of the adjustment value in the user adjustment and the
service adjustment, etc.

Here, in the case where the image forming unit to be used
is different depending on the content of the image to be
formed, the timing of conveying the recording sheet is pref-
erably adjusted so that the image is formed at the correct
position on the recording sheet for any content of the image to
be formed.

However, in some cases, itis difficultto adjust the timing of
conveying the recording sheet for every content of the image
to be formed. In those cases, even though the conveyance
timing correction is performed as above in the image forma-
tion with the content of the image to be formed in which the
timing of conveying the recording sheet is not adjusted, the
image cannot be formed at the correct position on the record-
ing sheet.

In view of this, in the third embodiment, an example of
forming the image at the correct position on the recording
sheet is described. The description is mainly made of the
difference from the first embodiment, and the components
having the similar functions to those of the first embodiment
are omitted.
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The conveyance timing correction of the third embodiment
is described. Note that in the description below, the correction
amount is calculated on the premise that the following con-
ditions (1) to (6) are satisfied:

(1) the number of rotations of the photosensitive drum does
not change even though the environment changes or the
time has passed;

(2) the amount of change in distance from the primary transfer
position to the secondary transfer position due to the
expansion of the intermediate transfer belt is the same in
the case of forming either the color image or the mono-
chromatic image;

(3) the number of rotations of the photosensitive drum does
not change in the case of forming either the color image or
the monochromatic image;

(4) the linear velocity of the intermediate transfer belt does
not change in the case of forming either the color image or
the monochromatic image;

(5) the opening or closing of the cover does not change the
position of the LEDA exposure; and

(6) the exchange of PCDU does not change the primary
transfer position.

Inthe description below, “the detection of the displacement
correction pattern formed in color” may be referred to as “the
detection of the displacement correction pattern in the normal
mode”, “the reference value for the displacement correction
pattern formed in color” may be referred to as “the reference
value for the normal mode”, “the detection timing correction
pattern 200-1” may be referred to as “the detection timing
correction pattern (Y)R”, and “the detection timing correc-
tion pattern 200-2” may be referred to as “the detection timing
correction pattern (Y)L”.

Similarly, in the description below, “the detection of the
displacement correction pattern formed in monochrome”
may be referred to as “the detection of the displacement
correction pattern in the monochromatic mode”, “the refer-
ence value for the displacement correction pattern formed in
monochrome” may be referred to as “the reference value for
the monochromatic mode”, “the detection timing correction
pattern 210-1” may be referred to as “the detection timing
correction pattern (B)R”, and “the detection timing correc-
tion pattern 210-2” may be referred to as “the detection timing
correction pattern (B)L”.

In the case of the detection of the displacement correction
pattern in the normal mode, the CPU 100 calculates the cor-
rection amount for the normal mode using Formula (1).

In the case of the detection of the displacement correction
pattern in the monochromatic mode, the CPU 100 calculates
the correction amount for the monochromatic mode using
Formula (2).

The CPU 100 then refers to the position adjustment infor-
mation that represents for which one of the color image for-
mation and the monochromatic image formation the position
adjustment on the recording sheet has been performed. The
position adjustment information may include the position
adjustment amount. The position adjustment information is
updated in the ROM 102 upon the position adjustment at the
shipment from the factory, the assurance step, the user adjust-
ment, or the service adjustment.

However, in the case where the reference value for the
normal mode or the reference value for the monochromatic
mode is measured again and updated by the user or the service
man, the position adjustment is preferably performed as con-
tinuously as possible at the normal temperature and normal
humidity and normal temperature in the apparatus.

If the position adjustment information represents the posi-
tion adjustment performed on the recording sheet relative to
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the color image formation, the CPU 100 controls the timing of
conveying the recording sheet to which the color image is
transferred, using the correction amount for the normal mode,
and controls the timing of conveying the recording sheet to
which the monochromatic image is transferred, using the
value obtained by correcting the correction amount for the
monochromatic mode with the value based on the difference
between the second reference value and the first reference
value.

When the position adjustment information represents the
position adjustment performed on the recording sheet relative
to the monochromatic image formation, the CPU 100 controls
the timing of conveying the recording sheet to which the color
image is transferred, using the value obtained by correcting
the correction amount for the normal mode with the value
based on the difference between the first reference value and
the second reference value, and controls the timing of con-
veying the recording sheet to which the monochromatic
image is transferred, using the correction amount for the
monochromatic mode.

Note that in this embodiment, it is assumed that the posi-
tion adjustment information represents the position adjust-
ment performed on the recording sheet relative to the color
image formation. This is because, in some apparatus designs,
in the case of printing a color image, the monochromatic
image will not be printed in a state that the photosensitive
drums 17C, 17M, and 17Y are separated from the intermedi-
ate transfer belt 22 but in the case of printing a monochro-
matic image, the color image with only the monochromatic
component may be printed in a state that the photosensitive
drums 17C, 17M, and 17Y are in contact with the intermedi-
ate transfer belt 22. Therefore, the detailed description is
made of the case where the position adjustment information
represents the position adjustment performed on the record-
ing sheet relative to the color image formation.

In this case, in the case of performing the color image
formation, the CPU 100 decides the position correction
amount AP [um] from the correction amount for the normal
mode, and using the position correction amount AP, the CPU
100 corrects and controls the timing of feeding paper from the
paper feeding roller 13 and the timing of conveying the
recording sheet by the paper conveyance belt 14. On the other
hand, in the case of performing the monochromatic image
formation, the CPU 100 decides the position correction
amount AP [um] from the correction amount for the mono-
chromatic mode, and using Formula (7), the CPU 100 updates
the position correction amount AP and using the updated
position correction amount APupdated, the CPU 100 corrects
and controls the timing of feeding paper from the paper feed-
ing roller 13 and the timing of conveying the recording sheet
by the paper conveyance belt 14.

APupdated=AP+{reference value for the monochro-
matic mode-reference value for the normal

mode}xsampling length @1 [um] 7

Here, the sampling length d1 is, for example, 0.9961/c.
[um], and o (linear velocity adjustment factor) is, for
example, 0.99.

Note that the position correction amount AP is calculated
before the start of the page. In this embodiment, the position
correction amount AP is updated when the monochromatic
image formation is performed. However, in order to effec-
tively updating the position correction amount AP, i.e., to
form the monochromatic image at the correct position on the
recording sheet, it is necessary, as the premise condition, to
detect the displacement amount of the color image relative to
the recording sheet in the assurance step, user adjustment, or
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service adjustment and to update the adjustment value so that
the image is formed at the correct position on the recording
sheet.

FIG. 14 is a flowchart of an example of a process of cor-
recting the conveyance timing in this embodiment. The pro-
cess shown in FIG. 14 is performed before the start of the
page.

First, in the case of performing color printing (Yes in Step
S501), since the position adjustment information represents
that the position adjustment on the recording sheet has been
performed relative to the color image formation, the CPU 100
acquires the correction amount for the normal mode from the
ROM 102 and decides the position correction amount AP
(Step S502).

Meanwhile, in the case of performing monochromatic
printing (No in Step S501), since the position adjustment
information represents that the position adjustment on the
recording sheet has been performed relative to the color
image formation, the CPU 100 acquires the correction
amount for the monochromatic mode from the ROM 102 and
decides the position correction amount AP and further
updates the position correction amount AP using Formula (7)
(Step S503).

Subsequently, the CPU 100 corrects and controls the tim-
ing of feeding paper from the paper feeding roller 13 and the
timing of conveying the recording sheet by the paper convey-
ance belt 14 using the decided or updated position correction
amount AP (Step S504).

As described above, in this embodiment, even though the
displacement amount of the image relative to the recording
sheet is adjusted for the color only, the timing difference
between the color and the monochrome can be absorbed
using the difference between the second reference value and
the first reference value; thus, the monochromatic image can
be formed at the correct position on the recording sheet.

Further, even though the displacement amount of the image
relative to the recording sheet is adjusted for the monochrome
only, the color image can be formed at the correct position on
the recording sheet similarly.

According to this embodiment, in any case of the color and
monochrome, the image forming unit in the most upstream
side in the image forming process forms the detection timing
correction pattern; therefore, the influence of the measure-
ment error from the hardware can be reduced and the accu-
racy of the image position correction and the conveyance
timing correction can be increased further.

MODIFIED EXAMPLE

The present invention is not limited to the above embodi-
ments, and various modifications are possible. In the above
embodiment, the exposure mechanism is formed using the
LEDA head as a solid-state scanning type writing device;
however, the exposure mechanism may be formed using
another solid-state scanning type writing device such as an
organic EL (electroluminescence) head, an LD (laser diode)
array head, or a surface emission laser. Those devices are also
preferable as aforementioned, and since a unit type optical
system as the LD writing device is not used in the solid-state
scanning type writing device, the displacement of image
transfer position easily occurs randomly for each image form-
ing unit; thus, those are particularly preferable in the present
invention.

However, the exposure mechanism is not limited to the
solid-state scanning type writing device but may be a scan-
ning type writing device including a unit type optical system.
This is because, even if the scanning type writing device is
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used in the exposure mechanism, the displacement of the
image transfer position is not necessarily prevented in the
image forming unit.

Although the above embodiments have described the
example in which the intermediate transfer belt is extended,
the present invention is similarly applicable to the case where
the intermediate transfer belt is contracted.

According to the present invention, an effect of increasing
the accuracy of the conveyance control of the recording sheet
while reducing the extra consumption of a developer can be
obtained.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. An image forming apparatus comprising:

a plurality of image forming units configured to form an
image in different colors;

a conveyance mechanism configured to convey a first pat-
tern formed using at least a first image forming unit of
the plurality of image forming units, that forms the
image in a first color, and to convey a second pattern
formed using a second image forming unit of the plural-
ity of image forming units, that forms the image in a
second color;

a detection unit configured to detect the first pattern con-
veyed by the conveyance mechanism and the second
pattern conveyed by the conveyance mechanism; and

a control unit configured to control, when a first condition
is satisfied, a timing of conveying a recording sheet to
which the image formed using at least the first image
forming unit is transferred on the basis of a first time
required after the formation of the first pattern and
before the detection of the first pattern by the detection
unit, the control unit being further configured to control,
when a second condition is satisfied, a timing of convey-
ing the recording sheet to which the image formed using
the second image forming unit is transferred on the basis
of a second time required after the formation of the
second pattern and before the detection of the second
pattern by the detection unit,
the first condition being satisfied upon

a mode of the image forming apparatus being in a
priority mode prioritizing color image formation,
or

amode of the image forming apparatus being in either
a priority mode prioritizing monochromatic image
formation or in a color prohibition mode prohibit-
ing color image formation, wherein a previously
imaged pattern is the first pattern, and

the second condition being satisfied upon

amode of image forming apparatus being in either the
priority mode prioritizing monochromatic image
formation or in the color prohibition mode prohib-
iting color image formation, wherein a previously
imaged pattern is the second pattern.

2. The image forming apparatus according to claim 1,
further comprising a storage unit configured to store a first
reference value as a reference value of the first time and a
second reference value as a reference value of the second
time, wherein
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the control unit controls, when the first condition is satis-
fied, the timing of conveying the recording sheet on the
basis of a difference between the first time and the first
reference value, and

the control unit controls, when the second condition is
satisfied, the timing of conveying the recording sheet on
the basis of a difference between the second time and the
second reference value.

3. The image forming apparatus according to claim 1,

wherein

the first color is a color other than black used in color image
formation,

the second color is black,

the first image forming unit is an image forming unit
located in the most upstream side of a conveying direc-
tion of the conveyance mechanism among the image
forming units for performing color image formation in
the image forming units, and

the second image forming unit is an image forming unit
located in the most upstream side of the conveying direc-
tion of the conveyance mechanism among the image
forming units for performing monochromatic image for-
mation in the image forming units.

4. The image forming apparatus according to claim 3,

wherein

the first pattern is formed using the image forming unit
performing color image formation, of the plurality of
image forming units,

the second pattern is formed using the image forming unit
performing monochromatic image formation, of the plu-
rality of image forming units, and

the control unit is configured to control an exposure timing
for the image forming unit performing color image for-
mation using a detection result of the first pattern from
the detection unit, and is configured to control an expo-
sure timing for the image forming unit performing
monochrome image formation using a detection result
of the second pattern from the detection unit.

5. The image forming apparatus according to claim 1,
further comprising a buffer mechanism configured to absorb
expansion and contraction of the conveyance mechanism,
wherein

the buffer mechanism is provided between the image form-
ing unit located in the most downstream side of a con-
veying direction of the conveyance mechanism and the
detection unit.

6. An image forming apparatus comprising:

a plurality of image forming units configured to form an
image in different colors;

a conveyance mechanism configured to convey a first pat-
tern formed using at least a first image forming unit
among the image forming units, that forms the image in
a first color, and convey a second pattern formed using a
second image forming unit among the image forming
units, that forms the image in a second color;

a detection unit configured to detect the first pattern con-
veyed by the conveyance mechanism and the second
pattern conveyed by the conveyance mechanism;

a storage unit configured to store a first temperature at the
detection of the first pattern and a second temperature at
the detection of the second pattern; and

a control unit configured to control, when the first pattern
has been previously detected, a timing of conveying a
recording sheet to which the image formed using at least
the first image forming unit is transferred on the basis of
afirst time required after the formation of the first pattern
and before the detection of the first pattern by the detec-
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tion unit, the first temperature, and a current tempera-
ture, and the control unit configured to control, when the
second pattern has been previously detected, a timing of
conveying the recording sheet to which the image
formed using the second image forming unit is trans-
ferred on the basis of a second time required after the
formation of the second pattern and before the detection
of the second pattern by the detection unit, the second
temperature, and the current temperature.
7. The image forming apparatus according to claim 6,
wherein
the storage unit further stores a first reference value as a
reference value of the first time and a second reference
value as a reference value of the second time, and
the control unit controls, when the first pattern has been
previously detected, the timing of conveying the record-
ing sheet to which the image formed by using at least the
first image forming unit is transferred on the basis of a
value obtained by adding a value based on a difference
between the first temperature and the current tempera-
ture to a value based on a difference between the first
time and the first reference value, and the control unit
controls, when the second pattern has been previously
detected, the timing of conveying the recording sheet to
which the image formed by using the second image
forming unit is transferred on the basis of a value
obtained by adding a value based on a difference
between the second temperature and the current tem-
perature to a value based on a difference between the
second time and the second reference value.
8. The image forming apparatus according to claim 6,
wherein
the first temperature, the second temperature, and the cur-
rent temperature are temperatures inside or outside the
apparatus.
9. The image forming apparatus according to claim 6,
wherein
the first color is a color other than black used in color image
formation,
the second color is black,
the first image forming unit is an image forming unit
located in the most upstream side of a conveying direc-
tion of the conveyance mechanism among the image
forming units for performing color image formation in
the image forming units, and
the second image forming unit is an image forming unit
located in the most upstream side of a conveying direc-
tion of the conveyance mechanism among the image
forming units for performing monochromatic image for-
mation in the image forming units.
10. The image forming apparatus according to claim 9,
wherein
the first pattern is formed using the image forming unit
performing color image formation, of the plurality of
image forming units,
the second pattern is formed using the image forming unit
performing monochromatic image formation, ofthe plu-
rality of image forming units, and
the control unit is configured to control an exposure timing
for the color using a detection result of the first pattern
from the detection unit, and is configured to control an
exposure timing for the monochrome using a detection
result of the second pattern from the detection unit.
11. The image forming apparatus according to claim 10,
wherein
the control unit is configured to correct an image position
by controlling the exposure timing when temperature
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has changed over a certain range or a power-oft time has
continued for a certain period.
12. The image forming apparatus according to claim 11,

further comprising a controller, wherein

the power-off time is configured to be measured using a
real-time clock included in the controller or an active
timer-up signal output from the controller.

13. The image forming apparatus according to claim 12,

wherein

the power-off time is configured to be measured from a
time when a driving motor for the image forming unit
performing the monochromatic image formation stops
finally.

14. The image forming apparatus according to claim 10,

wherein

the control unit is configured to correct an image position
by controlling the exposure timing at initialization or
start-up for fixing.

15. An image forming apparatus comprising:

a plurality of image forming units configured to form an
image in different colors;

a conveyance mechanism configured to convey a first pat-
tern formed using at least a first image forming unit
among the image forming units, that forms the image in
a first color, and convey a second pattern formed using a
second image forming unit among the image forming
units, that forms the image in a second color;

a detection unit configured to detect the first pattern con-
veyed by the conveyance mechanism and detecting the
second pattern conveyed by the conveyance mechanism;

a storage unit configured to store therein position adjust-
ment information representing for which one of the first
image and the second image position adjustment on a
recording sheet has been performed, a first reference
value as a reference value of a first time required after the
image formation of'the first pattern and before the detec-
tion of the first pattern by the detection unit, and a second
reference value as a reference value of a second time
required after the image formation of the second pattern
and before the detection of the second pattern by the
detection unit; and

a control unit configured to control, when the position
adjustment information represents that the position
adjustment for the first image on the recording sheet has
been performed, a timing of conveying the recording
sheet to which the image formed by the first image
forming unit is transferred on the basis of the first time
and the first reference value and controlling a timing of
conveying the recording sheet to which the image
formed by the second image forming unit is transferred
on the basis of the second time, the first reference value,
and the second reference value, and the control unit
configured to control, when the position adjustment
information represents that the position adjustment for
the second image on the recording sheet has been per-
formed, a timing of conveying the recording sheet to
which the image formed by the first image forming unit
is transferred on the basis of the first time, the first
reference value, and the second reference value and con-
trolling a timing of conveying the recording sheet to
which the image formed by the second image forming
unit is transferred on the basis of the second time and the
second reference value.

16. The image forming apparatus according to claim 15,

wherein

the control unit controls, when the position adjustment
information represents that the position adjustment for
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the first image on the recording sheet has been per-
formed, the timing of conveying the recording sheet to
which the image formed by the first image forming unit
is transferred on the basis of a difference between the
first time and the first reference value and the timing of
conveying the recording sheet to which the image
formed by the second image forming unit is transferred
on the basis of a value obtained by adding a value based
on a difference between the second reference value and
the first reference value to a value obtained based on a
difference between the second time and the second ref-
erence value, and

the control unit controls, when the position adjustment
information represents that the position adjustment for
the second image on the recording sheet has been per-
formed, the timing of conveying the recording sheet to
which the image formed by the first image forming unit
is transferred on the basis of a value obtained by adding
avalue based on a difference between the first reference
value and the second reference value to a value based on
adifference between the first time and the first reference
value and the timing of conveying the recording sheet to
which the image formed by the second image forming
unit is transferred on the basis of a difference between
the second time and the second reference value.

17. The image forming apparatus according to claim 15,

wherein

the first color is a color other than black used in color image
formation,

the second color is black,

the first image is a color image,

the second image is a monochromatic image,

the first image forming unit is an image forming unit
located in the most upstream side of a conveying direc-
tion of the conveyance mechanism among the image
forming units performing color image formation in the
image forming units, and

the second image forming unit is an image forming unit
located in the most upstream side of a conveying direc-
tion of the conveyance mechanism among the image
forming units performing monochromatic image forma-
tion in the image forming units.

18. The image forming apparatus according to claim 17,

wherein

the first pattern is formed using the image forming units
performing color image formation among the image
forming units,

the second pattern is formed using the image forming unit
performing monochromatic image formation among the
image forming units, and

the control unit controls an exposure timing for the color
using a detection result of the first pattern from the
detection unit, and controls an exposure timing for the
monochrome using a detection result of the second pat-
tern from the detection unit.

19. The image forming apparatus according to claim 15,

wherein

the position adjustment information represents that the
position adjustment for the first image on the recording
sheet has been performed.

20. The image forming apparatus according to claim 15,

wherein

the position adjustment is performed when the first refer-
ence value or the second reference value is updated.
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